Abstract : Larvicide efficacy of insect growth regulators (pyriproxyfen, methoprene and diflubenzuron), in comparison with the larvicidal and adulticidal efficacy of conventional insecticides, against several species of Anopheline mosquitoes including several insecticide resistant; strains were evaluated in laboratory conditions. I n all species, no cross resistance between IGRs and the other kinds of insecticides, such as organophosphate, organochlorine, carbamate and pyrethroid, was observed. Relative effectiveness of pyriproxyfen to methoprene ranged from several to 40 times and that to diflubenzuron ranged from 19.5 times to more than 400 times.
Anopheline mosquito is one of the most important vectors of tropical diseases. Residual spray on the wall surface and treatment of breeding areas with chemicals, such as organochlorine, organophosphate and carbamate insecticides, have been employed as the best and appropriate ways of controlling these mosquitoes. However, as a result of over-use or inappropriate treatment of insecticides, many cases of insecticide resistance development have been reported (Hemingway and Georghiou, 1983; Scott and Georghiou, 1986; Hemingway et al., 1986) . The adoption of insecticides with different modes of action from conventional ones and the combination use of them could provide a solution to overcome this problem.
In this respect, IGRs (insect growth regulators) seem to be useful insecticides. Pyriproxyfen, a juvenile hormone mimic, had high activities to mosquitoes in the field (Kawada et al., 1988; Suzuki et al., 1989; Okazawa et al., 1991) . In this study, we evaluated the larvicide efficacy of pyriproxyfen against several species of Anopheline mosquitoes in laboratory conditions, comparing with other insecticides, and discuss the possibility of its use as a new vector control agent. 
I . T e s t chemicals. Pyriproxyfen
(7665 ZgfiSd 4-2-1) (25% wettable powder formulation in com- 3. Bioassays. All experiments were conducted under the same conditions described above.
(1) Adult susceptibility: A 0.3 acetone solution of the test chemical was topically applied to the dorsal mesothorax of a 2-to 3-days-old female adult. Insects treated were kept under the conditions noted above and fed with 3% sugar solution. Mortality was observed 24 hr after treatment. The data obtained were corrected by the mortality of untreated adults and LDj0 was calculated by Bliss' probit method (Bliss, 1934) .
( 2 ) Larval susceptibility : An emulsifiable concentrate of each chemical and wettable powder of diflubenzuron were used. The test formulation was diluted with deionized water at appropriate concentrations. Thirty 4th instar larvae were released into 150 ml of each test solution in an aluminum cup. After 24 hr, mortality was observed and LD5, was caIculated in the same manner noted above. In the case of IGRs, larvae were reared in the solution until adult emergence. The percentage of emergence was corrected by that of control to calculate ICio in the same manner noted above.
1. Adult and larval susceptibility to insecticides Adult and larval susceptibility to insecticides is shown in Figs. 1 and 2 . Adult MLT-R strain of A. steplzensi showed higher resistance to malathion (R/S ratio= 71 ) than larvae (R/S ratio=2.6). The degree of cross resistance between malathion and fenitrothion was small in this strain. This is due to the resistance factor of malathion carboxyleste- rase (Scott and Georghiou, 1986) . Differences in adult and larval susceptibility of three strains of A. gambiae to organophosphate and propoxur were not observed. Resistance ratio of DDT-R strain to DDT was significant but moderate ( R / S ratio was 4.8 for adult and 8.8 for larva). Cross resistance between DDT and dieldrin or permethrin was not observed. Resistance ratio of OPC-R strain of A. albimanus to organophosphate was smaIler than that to propoxur. Larvae of this strain showed higher resistance to temephos than the other strains. Larval resistance ratio of each strain was relatively smaller than that of adult except for A. albimanus OPC-R. This seems to be explained by the fact that A. albimanus OPC-R strain was selected at larval stages with severe contamination of various insecticides for agricultural use (Bruce-Chwatt, 1985) . A. gambiae DLD-R strain showed high resistance to dieldrin in both stages (R/S ratio was 41 for adult and 100 for larva).
Larval susceptibility to insect growth
regulators Larval susceptibility to insect growth regulators is shown in Table 2 . IC,, of pyriproxyfen ranged widely from 0.00042 ppb ( A . albimanus OPC-R) to 0.043 ppb ( A . stephensi SUS) . I n A. stephensi there was no difference in susceptibility to pyriproxyfen of SUS strains and that of malathion-resistant strain. I n contrast, in A. albimanus and A. gambiae, susceptibility to pyriproxyfen was rather higher in resistant strains than in SUS strains. These results indicate that there is no cross resistance between pyriproxyfen and the other insecticides, such as organophosphate, carbamate and pyrethroids. Schaefer et al. (1988) also reported that IC,,s of pyriproxyfen for SUS and organophosphate resistant strain for Culex quinquefasciatus were 0.018 and 0.022 ppb, and those for C. tarsalis were 0.021 and 0.052 ppb, respectively. There also seemed to be no cross resistance between methoprene or diflubenzuron and the other insecticides. Relative effectiveness of pyriproxyfen to methoprene was less than 5 times in A. gambiae SUS and DLD-R, which ratio is similar to that in Culex pipiens pallens (Kawada et al.,. 1988) . Relative effectibeness for the other strains, however, was much higher (ranged from 10 to 40 times) than those for the above two species. The relative activity of pyriproxyfen seems to be higher for Anopheles than for Culex as Hatakoshi et al. (1987) reported. Relative effectib eness of pyriproxyfen to difluzenburon was much higher than to methoprene (ranged from 19.5 to more than 400 times).
The availability of pyriproxyfen as a mosquito larvicidal formulation has been reported in many papers (Schaefer et al., 1988; Kawada et al., 1988 : Suzuki et al., 1989 Okazawa et al., 1991) . They concluded that a single, low dose application of pyriproxyfen ranged from 0.01 to 0.1 ppm gave a long-term control effect against mosquito larvae. This must be due to the high activity and stability of pyriproxyfen in the field. Because of the lack of cross resistance: pyriproxyfen may compensate the lack of efficacy in conventional insecticides due to the development of resistance. The combinational use of pyriproxyfen with other controlling methods, such as space spray and/or residual spray of adulticide, will provide a new tool for managing tropical diseases by chemical treatment.
